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Abstract

Background: Upper extremity weakness is common after stroke and significantly affects
functional independence. Transcranial magnetic stimulation (TMS) has been used to
assess corticomotor pathway integrity and predict motor recovery, but evidence in
the subacute phase remains limited.

Objectives: To use serial TMS to examine corticomotor pathway continuity and its
association with upper extremity recovery in patients with early subacute stroke and
impaired hand function.

Methods: In this preliminary prospective cohort, patients 1 to 6 months after first-ever
stroke with upper extremity impairment (Fugl-Meyer Assessment for Upper Extremity
[FMA-UE] < 53) underwent serial single-pulse TMS using the visual observation of
movement method with a parabolic coil. Motor response (MR) presence and motor
threshold were recorded bilaterally, with contralesional stimulation of the affected hand
when the ipsilesional MR was absent. The primary outcome was the FMA-UE. Secondary
outcomes included the Shoulder Abduction and Finger Extension score, Box and
Block Test, Barthel Index, spasticity, and muscle strength. Assessments were performed
between 1 and 6 months poststroke.

Results: Seven participants were enrolled (5 completed at least 2 follow-ups). Ipsilesional
MR presence was not associated with FMA-UE. Three of 4 initially MR-absent participants
showed late MR appearance at approximately 4 to 5 months poststroke, 2 of whom achieved
clinically meaningful motor improvement. One participant who remained ipsilesionally
MR-absent showed a contralesional response at 6 months. Across the cohort, Barthel
Index scores improved in all participants, while muscle strength and spasticity remained
relatively stable despite variable motor recovery.

Conclusions: Early subacute corticomotor pathway continuity was not clearly associated
with upper extremity recovery, and the early absence of a MR should not be used
to limit rehabilitation. Serial assessment revealed late reemergence of corticomotor
responses, suggesting that subacute corticomotor continuity is dynamic rather than fixed.
Rather than a large cross-sectional correlation study, future work should use serial,
electromyography-based TMS within individual patients to track whether the MR or
functional performance plateaus first, supporting progress monitoring and realistic
expectation-setting.
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Introduction

Stroke is a major cause of disability in Thailand, where approximately 69% of survivors
experience upper extremity weakness that impairs quality of life." Most neurological recovery
occurs within the first 3 months after stroke, with slower gains thereafter,? and rehabilitation
during the subacute phase supports this recovery by promoting neuroplasticity.?

Transcranial magnetic stimulation (TMS) is widely studied for prognosis after stroke.
A motor response (MR), or motor evoked potential (MEP), indicates preserved continuity
of the corticomotor pathway, and MR presence, larger amplitude, lower resting motor
threshold (MT), and a lower interhemispheric threshold ratio have been associated with
better motor outcomes.*” Biomarker-based models applied within the first days predict
3-month outcomes with high accuracy.?

Notably, predictive accuracy appears to decline when TMS is performed later,
in the subacute phase, rather than in the first days after stroke.® '® Researchers suggest
that this reflects what TMS measures at each time point. Soon after the insult, MR status
may reflect the corticospinal output that survived injury, which is a relatively static estimate
of how severely the motor system was disrupted and therefore a substrate for prognosis.
In the subacute and chronic phases, the corticomotor response is increasingly shaped by
reorganization as the system attempts to reestablish drive to the paretic limb, so that
MR status in the early subacute phase may reflect an evolving process rather than a fixed
surviving substrate.”” However, poststroke neuroplasticity is not always beneficial for
functional recovery. Possibly for this reason, MR status in the subacute phase does not
correlate as strongly with functional recovery as MR status in the acute phase of stroke.

Such reorganization need not be confined to the perilesional primary motor cortex.
Corticospinal projections arise from a cortical territory wider than the precentral strip,
including the premotor and supplementary motor areas and the somatosensory and
posterior parietal cortices,'? and contralesional pathways may also contribute to the drive
of the paretic hand." Recruitment distributed across these sources, or across hemispheres,
may not be reliably elicited by focal stimulation over the primary motor cortex hand hotspot
and may appear only gradually. Yet most TMS studies stimulate with a focal figure-of-8 coil
and report quantitative parameters that can be derived only in MR-positive patients.*
The most severely affected, MR-absent patients are therefore underrepresented, and early
MR absence is often treated as a fixed deficit. A broad-field parabolic coil, applied serially
and including contralesional stimulation of the affected hand, may be better suited to
detecting a distributed or late-emerging response in this population.

The type of rehabilitation may also influence where such reorganization occurs.
In this setting, occupational therapy routinely incorporates Cognitive Sensory Motor
Training Therapy (the Perfetti method), a sensory-led approach in which patients relearn
joint position sense, initially in a single joint and degree of freedom, progressing to
complex multiple-joint perception and to perception-guided movement through closed-eye
object exploration.’ Because somatosensory and posterior parietal cortices contribute to
the corticospinal tract,'? sensory-driven motor practice offers a plausible route by which
corticomotor drive to the paretic hand might be reestablished over time.

The motor evoked response to TMS, which is the marker of corticomotor continuity,
can be judged by surface electromyography (to detect MEPs) or by a visual observational
method. While surface electromyography provides higher sensitivity, its requirement
for specialized equipment and longer preparation times often limits its routine clinical
application. Therefore, the visual observational method was selected for this study due to



its high feasibility in pragmatic practice. Previous literature has demonstrated that
this observation of movement method possesses acceptable reliability and reproducibility
for determining MTs,'# and it was used here with a parabolic coil for which normative values
are available.”™ Previous reports on TMS in the subacute period (1 to 6 months) remain
limited. This is the stage at which most Thai stroke patients are referred for and can access
rehabilitation. Within this window, researchers observed that some patients with no hand
function early after stroke nevertheless achieved substantial upper extremity recovery,
a trajectory not anticipated by an early absent MR. This clinical observation, together with
the limited subacute evidence, prompted the present study.

As a preliminary study, this study enrolled subacute stroke patients (1 to 6 months)
with impaired hand function, including those without a MR, to examine whether subacute
corticomotor pathway continuity assessed by serial observational TMS is associated
with upper extremity recovery and whether corticomotor responses reemerge across
the subacute-to-chronic transition and whether such emergence accompanies recovery
in patients who initially lacked hand function.

Methods

Study Design and Participants

This was a prospective cohort study conducted at the Department of Rehabilitation
Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University. Ethical approval
for the study was granted by the Committee for Research of the Faculty of Medicine
Ramathibodi Hospital, Mahidol University, Thailand. Written informed consent was
obtained from all participants prior to enrollment.

Adults aged 218 years who were 1-3 months (early subacute phase) after a first-
ever stroke and presented with impaired upper extremity motor function (Fugl-Meyer
Assessment for Upper Extremity [FMA-UE] < 53)'¢ were included. The exclusion criteria
were bilateral weakness; contraindications to TMS (eg, metal implants, cochlear implants,
epilepsy, pregnancy); severe upper extremity pain (visual analog scale [VAS] = 7);
clinical presentation of distal upper extremity entrapment neuropathy; other neurological
disorders such as brain tumor, aneurysm, or Parkinson disease; and unstable medical
conditions.

Intervention

Single-pulse biphasic TMS (MagPro R30, MagVenture, Denmark) was applied to
the ipsilesional and contralesional primary motor cortices using a parabolic coil.
Stimulation began at 30% maximal stimulator output (MSO) and increased in 5%
increments. Corticomotor continuity was assessed using the observational movement
method.™ Visible finger or thumb movement was taken as evidence of MR presence.
MR absence was defined as no observable movement at intensities up to 60% MSO.
To optimize the detection of the MR, particularly in severely impaired patients, This study
encouraged participants to perform either active contraction of the target muscle
(eg, finger or thumb flexion/extension) or motor imagery of the movement during
TMS delivery, as these techniques are known to enhance cortical excitability and facilitate
response detection.*® MT was defined as the lowest MSO that produced visible movement
in>5 of 10 trials.'* "> Assessments comprised ipsilesional MR/MT for the affected hand and
contralesional MR/MT for the unaffected hand, and when the ipsilesional MR was absent,
contralesional stimulation of the affected hand was also performed. TMS was performed



serially between 1 and 6 months poststroke. The first follow-up examination was performed
3 months after the first assessment. Some subjects received more than one follow-up
examination.

Rehabilitation

All participants underwent usual care rehabilitation as determined by the attending
physician. Rehabilitation was delivered as usual care and was not standardized across
study participants. Alongside conventional rehabilitation, patients also received, if indicated,
robotic-assisted therapy, repetitive transcranial magnetic stimulation (rTMS), and repetitive
peripheral magnetic stimulation (rPMS). In the department where this study was conducted,
occupational therapy routinely incorporates Cognitive Sensory Motor Training Therapy
(the Perfetti method), which is a sensory-led motor retraining approach emphasizing the
retraining of joint position sense and perception-guided movement.'

Outcome Measures

The primary outcome was the FMA-UE. Secondary outcomes were the Shoulder
Abduction and Finger Extension (SAFE) score, spasticity assessed using the Modified
Ashworth Scale (MAS), gross manual dexterity assessed using the Box and Block Test (BBT),"”
functional independence assessed using the Barthel Index (BI),'® and muscle strength
assessed using the Medical Research Council (MRC) score, together with MR and MT.
Baseline data included age, sex, body mass index, comorbidities, smoking status, lesion
side, hand dominance, National Institutes of Health Stroke Scale (NIHSS) score, poststroke
duration, poststroke complications, and rehabilitation services and interventions received.
All outcomes were assessed between 1 and 6 months poststroke.

Sample Size Calculation

A full-scale study was designed to accommodate at least 8 variables expected to
influence poststroke motor recovery (age, lesion side, BI, MR, aerobic exercise, functional
electrical stimulation, rTMS, and robotic therapy). Applying 10 participants per variable
and allowing for 20% attrition, a target of 96 participants was set. The present report is
a preliminary analysis of the participants recruited to date.

Statistical Analysis

Data were analyzed using Stata, version 18.0 (StataCorp LLC). Given the preliminary
nature and small sample size of this cohort, findings are reported descriptively. Continuous
variables are expressed as medians and ranges, while categorical variables are presented
as frequencies and percentages.

Results

During the study period, recruitment was primarily limited by the strict eligibility
criteria, specifically the requirement for a first-ever stroke within the narrow early subacute
window, combined with specific motor impairment levels and the strict absence of TMS
contraindications. Ultimately, only 7 patients who met all the criteria were identified, and
all 7 patients were enrolled in the study (no refusals). Of these 7 enrolled participants,
5 completed at least 2 follow-up assessments and were included in the final analysis.
At baseline, one participant (Participant 5) demonstrated ipsilesional MR presence, and



RMJ Original Article

4 (Participants 1 to 4) were MR-absent. Baseline demographic and clinical characteristics
were determined (Table 1).

Although the inclusion criterion was an FMA-UE score of < 53, the realized cohort
was substantially more impaired. The average baseline FMA-UE score was approximately
18 points and the average BBT score was 0. This indicates moderate-to-severe paresis with
no functional use of the hand, even though the MRC score showed some active finger

flexion in some cases and some active finger extension in others.

Table 1. Baseline Characteristics of Participants

No. (%)
Characteristic MR-Absent MR-Present
(n=4) (n=1)

Age, median (range), y 57 (45-77) 50
BMI, median (range), kg/m? 29.3(19.7-39.9) 20.6
Sex

Male 4 (100) 1(100)

Female 0 0
Underlying diseases

Diabetes mellitus 0 0

Hypertension 2 (50) 0

Dyslipidemia 1(25) 0

Depression 0 0

None 1(25) 1(100)
Lesion side

Right 0 1(100)

Left 4 (100) 0
Dominant hand

Right 4(100) 1(100)

Left 0 0
Affected dominant hand 4 (100) 0
Aphasia 0 0
NIHSS, median (range) 9(6-11) 14
Poststroke duration, median (range), d 51.5(33-83) 47
FMA-UE, median (range) 18.5(14-38) 18
BBT, median (range) 0 0
BI, median (range) 60 (5-85) 70
MT, median (range)

Ipsilesional MT to affected hand NA 37

Contralesional MT to unaffected hand 35(31-46) 31
SAFE score, median (range) 3(1-5) 2
Muscle power, assessed by MRC

Finger flexion 1(0-1) 1

Finger extension 1(0-3) 0
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Table 1. Baseline Characteristics of Participants (Continued)

No. (%)
Characteristic MR-Absent MR-Present
(n=4) (n=1)
MAS, median (range) 1(1to14) 2
Types of rehabilitation (sessions), median (range)
Inpatient-based 8.5(0-12) 0
Outpatient-based 1(0-2) 0
Telemedicine 0(0-4) 0
Rehabilitation interventions (sessions), median (range)
Conventional rehabilitation 12 (2-39) 40
Robotic rehabilitation 0 (0-16) 0
rTMS 0(0-4) 0
rPMS 5(0-12) 0

Abbreviations: BBT, Box and Block Test; BI, Barthel Index; BMI, body mass index; FMA-UE, Fugl-Meyer Assessment for
Upper Extremity; MAS, Modified Ashworth Scale; MRC, Medical Research Council; MT, motor threshold; NA, not applicable;
NIHSS, National Institutes of Health Stroke Scale; rPMS, repetitive peripheral magnetic stimulation; rTMS, repetitive

transcranial magnetic stimulation; SAFE, Shoulder Abduction and Finger Extension.

Subacute Motor Response Status and Upper Extremity Recovery

In this preliminary cohort, subacute ipsilesional MR presence did not show a
clear pattern or relationship with baseline or subsequent FMA-UE scores. Similarly,
contralesional MT to the unaffected hand did not exhibit any consistent trend with upper
extremity motor function. Notably, the single participant who demonstrated baseline
MR presence (Participant 5) presented with a hemorrhagic stroke and the highest initial
stroke severity (NIHSS of 14). This participant showed minimal functional change over time,
with the FMA-UE score increasing only slightly from 18 to 19.

Late Emergence of the Motor Response

Among the 4 participants who were MR-absent at baseline, 3 (Participants 1, 2, and 4)
transitioned from MR absence to MR presence at approximately 4 to 5 months poststroke
(Table 2).

The remaining participant (Participant 3) received the first TMS at 3 months and a
further TMS at 6 months poststroke, both showing an absent response in the affected hand
during ipsilesional brain stimulation. In this case, however, contralesional brain stimulation
produced a MR at 6 months but not at 3 months poststroke. Contralesional MT to the
unaffected hand showed no meaningful change over time in any participant (Figure 1).

Functional Trajectories

Two of the 3 participants with late MR emergence (Participants 1 and 4) showed
clear, clinically meaningful improvement, each with an FMA-UE increase of = 4 points
(Participant 1, 23 to 64 and Participant 4, 38 to 56), together with gains in BBT and SAFE
scores (Figures 2, 3, and 4). These 2 participants were the youngest in the cohort (ages 45
and 46) and had both received robotic-assisted therapy and rTMS before the second
follow-up. The remaining participants (Participants 2, 3, and 5) showed limited change
across FMA-UE, BBT, and SAFE scores. Participant 3, who remained ipsilesionally MR-absent,
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consistently had the lowest FMA-UE, BBT, and BI scores (Figures 2, 3, and 5). Spasticity of the
affected upper extremity remained stable throughout follow-up (Figure 6). Despite variable

motor recovery, all participants improved on the BI (Figure 5).

Table 2. Motor Response During Ipsilesional Stimulation of the Affected Hand

Month of Poststroke

Participant
1 2 3 4 5 6
1 Absence NA NA Presence NA Presence
2 NA Absence NA NA Presence Presence
3 NA NA Absence NA NA Absence
4 Absence NA NA Presence NA NA
5 Presence NA NA Presence NA NA
Abbreviation: NA, not applicable.
* The motor response (MR) during contralesional stimulation of the affected hand was present at the 6th month.
Figure 1. Contralesional Motor Threshold to the Unaffected Hand
EZ2 1
-

Contra MT

No.1 No.2 No.3
Participant

Abbreviation: MT, motor threshold.
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Figure 2. Upper Extremity Motor Recovery Assessed by the Fugl-Meyer Assessment
for Upper Extremity

FMA-UE Score

Participant

Abbreviation: FMA-UE, Fugl-Meyer Assessment for Upper Extremity.

Figure 3. Gross Manual Dexterity Assessed by the Box and Block Test
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Figure 4. Shoulder Abduction and Finger Extension Scores
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Abbreviation: SAFE, Shoulder Abduction and Finger Extension.

Figure 5. Functional Independence Assessed by the Barthel Index
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Figure 6. Spasticity of the Upper Extremity Assessed by the Modified Ashworth Scale
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Discussion

In this preliminary cohort, early subacute ipsilesional MR presence was not
associated with upper extremity recovery on the FMA-UE, and contralesional MT showed
no association either. Instead, functional improvements across the FMA-UE, BBT, and
SAFE scores at 3 and 6 months appeared more closely related to the patients' baseline
clinical severity. Participants with moderate impairment demonstrated functional gains
regardless of their MR or MT status, whereas those with severe impairment showed
minimal to no functional increases. The more striking observations were longitudinal.
Three of 4 patients who were MR-absent in the subacute phase developed a MR at
approximately 4 to 5 months, 2 of whom achieved clinically meaningful motor gains, while
a patient who remained persistently MR-absent on ipsilesional stimulation showed
a response on contralesional stimulation of the affected hand at 6 months. Conversely,
all participants improved in functional independence on the BI, regardless of their
MR presence or absence. This universal gain likely reflects the successful training and
application of compensation techniques using the unaffected limb, rather than true focal
corticomotor recovery. Taken together, these observations suggest that corticomotor
continuity behaves less like a fixed prognostic substrate and more like a dynamic feature
that can reemerge over time.

Most TMS prognostic evidence is built on assessment within the first week,
on MR-positive patients, and on focal figure-of-8 stimulation with electromyographic
recording, and severely affected, MR-absent patients are routinely underrepresented
or excluded.* The present study deliberately examined this understudied group within
the subacute window using an observational movement method and a broad-field
parabolic coil suited to routine clinical practice, and it documented late MR emergence
serially, including via contralesional stimulation. However, few studies have characterized
corticomotor continuity specifically in severely impaired subacute patients assessed in
this pragmatic way.

Res Med J. 20XX;XX(X):e279665.
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The absence of an early subacute association is directionally consistent with
reports that TMS prognostic accuracy is highest when assessment is early and declines
at later time points.®'? The late reemergence of responses accords with prior observations
of MEP reemergence up to 12 months poststroke' and with the timescale of remyelination
and resolution of perilesional edema.™ That severely affected, initially MR-absent patients
nonetheless recovered is consistent with earlier work showing meaningful recovery in
severely impaired patients, particularly with sensory-led training.'*> What does not fit is
the simple binary expectation that early MR absence marks a fixed poor-prognosis deficit.
These observations favour a more nuanced, time-dependent reading of corticomotor
continuity in the subacute phase.

Two nonmutually exclusive explanations are plausible. The first is biological.
An early MR may index surviving corticospinal substrate,?® whereas a subacute or later MR
is increasingly shaped by reorganization. Corticospinal projections arise not only from
the precentral strip but also from premotor, supplementary motor, somatosensory,
and posterior parietal cortices, and contralesional pathways may contribute drive to
the paretic hand.” 2 Recruitment distributed across these sources could reestablish a
detectable response only gradually. The sensory-led rehabilitation routinely delivered in
this study setting (Cognitive Sensory Motor Training Therapy) engages somatosensory
and parietal systems that contribute to the corticospinal tract, offering a plausible,
though here untested, route to such reorganization.’> '3 Additionally, the contralesional
response in one persistently ipsilesional-absent patient is consistent with recruitment of
alternative descending pathways. The second explanation is methodological. Detecting
a response solely by observed movement is insensitive and likely overestimates
MR absence, particularly in a cohort as impaired that in this study (average baseline
FMA-UE approximately 18 and BBT 0, despite some retained active finger flexion or
extension on MRC testing). With a stimulation ceiling of 60% MSO, a response that was
present but high-threshold early could become detectable later as the threshold fell.
Although this 60% MSO ceiling was set primarily to ensure patient safety and tolerability,
researchers actively facilitated MR detection by incorporating active muscle contraction or
motor imagery. These techniques are clinically established to enhance cortical excitability,
thereby assisting in identifying thresholds in patients who might otherwise be categorized
as MR-absent.

The findings must be read as descriptive and hypothesis-generating. The sample
was very small, with only 5 participants completing follow-up and a single MR-positive
patient at baseline, precluding meaningful between-group comparison or inference, and
recruitment fell well short of the powered target. Crucially, the findings are based on a very
small, all-male sample from a single tertiary center with a specific stroke profile. Therefore,
these observations cannot be generalized to the broader subacute stroke population.
The observational method, used without electromyography or neuronavigation, reduces
sensitivity and reliability, and subacute TMS measures are known to have limited test-retest
reliability even under more controlled conditions.' 2! Rehabilitation was heterogeneous
usual care that was not standardized or recorded per participant, including the sensory-led
training discussed above, so no outcome can be attributed to any specific intervention.
Notably, the 2 strongest responders were also the youngest participants and both received
robotic-assisted therapy and rTMS, confounding age, intervention, and spontaneous plasticity.
The timing of the initial assessment varied between 33 and 83 days, the study was single-center,
and no structural imaging correlate of corticospinal integrity was obtained.



These observations caution against using early or subacute MR absence to ration
rehabilitation or to set a low ceiling on expectations, since several severely affected,
MR-absent patients improved. While MEPs assessed during the acute stroke phase are
well-established predictors of functional recovery, the present findings suggest that
the clinical utility of using observational MR and MT to predict functional recovery remains
unclear. This lack of evident predictive value is largely attributable to the very small number
of subjects in this cohort. The observational method is feasible in routine clinical settings
that lack electromyography and neuronavigation, but its sensitivity limitations argue for
cautious interpretation, particularly when a response is absent.

This study observed that, using the visual observation technique, a sizable portion
of initially MR-absent patients showed a different response later. Such findings from this
group of patients suggest that, in order to detect a possible correlation between the
subacute single-pulse TMS MR and functional recovery, an even larger sample size than
the initially calculated will likely be required. This renders the originally planned cross-
sectional approach less feasible for routine practice.

Given the dynamic nature of the subacute MR and the impractically large sample
this would demand, these preliminary findings led to redirection rather than the
continuation of the originally planned cross-sectional correlation study. This study
proposes instead to use serial TMS within individual patients as a monitoring tool, and
to establish the temporal relationship between the change in the evoked MR and
the change in functional performance, specifically which of the 2 reaches a plateau first.
Knowing this order would let serial TMS be used to monitor progress and to set realistic
expectations. When one measure plateaus in a given patient, the clinician could judge
whether further functional gain remains likely or whether recovery is approaching its
ceiling and counsel the patient and plan rehabilitation accordingly. If the MR continues
to evolve after functional performance has plateaued, latent corticomotor capacity
may remain and warrant continued corticomotor-targeted training.?? If functional
gains continue after the MR has plateaued, those later gains are more likely to reflect
compensation than corticomotor recovery. If both plateau together, serial TMS may
serve as an objective marker that corticomotor recovery has saturated.

Conclusions

In this preliminary cohort, early subacute corticomotor pathway continuity was
not clearly associated with upper extremity recovery, and the early absence of a MR should
not be used to limit rehabilitation. Serial assessment revealed late reemergence of
corticomotor responses, suggesting that subacute corticomotor continuity is dynamic
rather than fixed. Rather than a large cross-sectional correlation study, future work should
use serial, electromyography-based TMS within individual patients to track whether the MR
or functional performance plateaus first, supporting progress monitoring and realistic
expectation-setting.
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